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The auth ors encourage wi il Ife profssiona B tosh iftfrom a traditionall
agricu lurallparadigm to an ecobgicallone th rough adapti\e
resource management(ARM).

The will e prokssion has a bngestab khed tradi-
tion ofexam ining and debating te qualy and direction
of will BB researd (Scheflr 1976, Romesburg 1981,
Bai ly 1982, McCabe 1985, Capen 198, Nudds and
Morrison 1991, Landa e tal. 1993). This introspection is
good, for itencourages tie profssion © im prowe and
mature . In tis essay, we provde whatwe hope wilbe
a significantmillpostin t atprocss by adwocating a
generaliphibsophy and protocollfor will B researd
and management Rater tan artcu kting a Listofspe-
dficreseard priorities and reitrating te need for ad-
dittonalresearch m oney, we encourage an encom pass
ing, fundam entallsh iftt atw i Mprom ok m ore effident
use of aurrentreseardh and managementdolhrs.

O\er te Bstsenerallyears, \arious groups and
m any individuall ineres®d in te managem entof
naturaBresources hawe recognized a need for reform
in naturalresourcs-re Bed researd - These inclide
te EcobgicalSociety of Am erica Com m itee for a
Researdt Agenda for te 19903 (Lubdienco etal
1991), te NationaBReseard Cound I Com m itke

on Forestty Researd (Comm. For.Res.1990), tie
Society of American Fores€rt Task Fore on Sus-
taining Long-erm ForestH ealh and Productivity
(Soc. Am . For. 1993) and many oters (Brussard
1991; Brussard and Ehrlld 1992; Lenin 1992a,b;
Lenin 1993). There appears © be a generallconsen-
sus tatdange is due.

Furtermore, intnsifying polticall debats
aboutm anagem ent of naturalresources (e g, tim -
ber hanest and andentforest, sustainab I de\e I
opment and te presernvaton-consenation of bio-
dinersity) callfor intgraktd researdt and m anage-
ment t address uncrtainty in will If and
ecosyse€m management and tereby ame borat
contronersy in te future (Chrk 1992, Ludwig et
all 1993, Ludwig 1994). Research and m anage-
mentan no bnger afford © be “tv o soMudes™;
distinctions betveen basic and appled researd
hawe b Wirred (Nudds 1979, Moffatt 1994). The
antrallissue is te applcaton ofsound sdentific
prindp s 1 solle prob Ims.
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Perspecti\e

As a profession, w i ll B2 m anagem entis notpartcu-
Rr ¥ new _butitis incaeasing ¥ becom ing a tield based
on te re ktive ¥ young sdenc ofecobgy.H istoricall
gains in know Bdge haw resu led from improved €0 -
niques. beter understanding ofte biobgy of organ-
isms, and more experience in assessing te efect of
m anagem enton particu kr popu ktons. com m unites,
and ecosysems.H owever, additionalreseard is nec
essary o beter understand h ow processes re ke ©
structure in te manenance of ecosysems (e g,
Svank and \an Lear 1992 and papers coMctd
terein). Ifte dinersity or abundane ofalw il e
spedes and te environment uponwhid tey de-
pend are © be sustained, ten we mustcontinue 1 ad-
vanc our know Bdge of procsses tatunderke func
toning ecosysems and te consequences of m anage-
ment activities (Trauger and H al1992). These
advancs in know Bdge can on¥ be made t rough
consdous effors o conductsound, sdentfic researd
on te biobgy ofwill spedes, teir ennfronment,
and te proesses tatunderpin spedes dinersity and
abundanc in space and trough tme. This need is es-
peda ¥ greathecause te gbballhum an popu ktion is
increasing and exertng greatr demand on bcal re-
gionalland gbballennironment (Morow it 1991).

Will Ife research: contributions,
gaps, and maturation
of a discip Ine

Aldo Leopo W (1933) is cedi®d wit ceating te
prokssion of modern will BE m anagementin te
Unitd Staks wit te pub Blcaton Game Manage-
ment In tie ensuing 60 years, w il I biobgist h awe
added muad © our understanding oftie biobgy ofin-
dividualspedes, especdal t ose tatare huntd or en-
dangered (Trauger and H al1992). Com parative ¥ HBss
is know n aboutnongame and nonendangered spedes,
and witin tis group researd has focused on Hhrge,
conspicuous \erebraks (Griffit etall 1989, Trauger
and H al1992).We know a bt for instance, about b-
calhabitatuse (eg, whid habitat are used by a given
spedes), we know HNss about bcalh abitatse Bction
(e g, ginen a number of avai o B habitak, whid are
dosen), and we know Kl abouthabitakspedfic vari-
ation in fitness (e g, how indivdualfithess \aries
across Bndscapes of diferenthabitat and how sua
variaton afect te dynamic of popu ktions at hrge
space and tme scalls).Simikr¥,we know Kl about
how and why spedes dinersity \aries am ong h abitak
(Fmm and GittAman 1992, Trauger and H al1392).
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Yet tis know Bdge is cudalto m aking inform ed and
Justifiab B m anagem entdedsions abouth abitatproec
ton, consenation, or enhancement(MVan H ome 1983,
Pullm 1988, Mares 1992).

In some cases, paterns ofh abitatuse hawe been in-
corporatd into sim p I h abitatre ktionsh ip m ode K.
These mode B aarackerize te habitak used by a
great\variety ofspedes in various geograph ic regions;
tey can be used © predictw here spedes are ke ¥
1 be found and how managementactions w i Mafkct
habitat H owe\er, sud mode B are rare ¥ €std for
teir re labi My (Conroy 1993).

Will k¢ biobgist allo have Barned mud about te
dynamics ofwill Be popu ktons, partcu hr¥ te per-
siskne of smaMor deching endangered popu ktions,
te exp bitation ofhuntd popu ktions 0 adieve cr-
tain hanestgoall, and te controlofspedes t atcause
dam age . In some cases we hawe been ab I 0 estim ak
vitallraks (Raundity, survivallmovemen® tatdeter-
m ine popu ktton d ange and h awe incorporakd our
know Bdge of popu kton dynamic int quanttative
mode 1 tatprogctpopu kton responses © difkrent
m anagem ent senarios (Conroy 1993). Again, €w
mode B haw been €sed;of t ose tathaw, fw yiell
predictions ofsufficient accuracy © justify teir use in
m anagem ent (Conroy 1993). Popu ktion \iabi My
anabsis has emerged as a bolto deermine how Hrge
a popu kton mustbe orhow mud habittis needed
1 ensure popu ktion survivallin te near future (Boye
1993).H owever, muad uncriinty is associatd wit
tese extincion probabi Hes.

Abkough will i biobgist know a btaboutte dis-
tibuton and dynamic of popu ktons of individual
spedes, tey know significanth§ Bss about te sttuc
tre and function of com m unities and ecosysems, in-
trspedficintractons sud as predaton and com pet-
ton, and ot er fundam entalprocesses sua as te fre-
gquency and inensity of disturbances t at sh ape
ecosysem stucture . Understanding tese processes
may Hlad © te discovery of basic ecobgicall prindp s
tatwoull permitre Bab I predictions (Rom esburg
1991).

Will BE researd has keptpac wit and con-
tibutd © de\e bping €d no bgies used in researd
and management Forexampll,we haw € Imetry
sysems tat an agjuire and transm it bcationa i
physiobgical and beh avoraldata o com putrs for
storage and anabsis-These sysems enab B routine
tad ing a sat e ofindividual€rrestrialor m arine
anim all m ovng acaoss vestdistanes. New €dino b
gies continue 1 be deve bped for spatalldata collc
ton and analsis;new metods for te genetic analy-
sis of indiMduall and popu ktions; enhancement in
com puting pow er and associakd statistcaland mod-
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eling capabi Hies; and new generations of €d niques
B estim ak popu ktion sizes, moraly rats, and

ot er popu kton a arackristics. Some of tiis new

td nobgy has stimu bhed data collction on hrge

spatallscalls and has vesth inaeased te am ountof
data avai Bb I for anabsis.Additiona ¥, from a socio-
econom ic perspectine, we are beginning t HBarn
more abouthow humans re bt © and valie will ke

and otier nonmarketamenity resources.

Thus.will Be researd is progressing, as any sden-
tificdisdp Ine must t rough te stages ofobsena-
tion and descaription, © t eory form ation.To grow ,
we mustadvance t €sting teories (Rathi and Gar-
on 194).We can desaribe whatanimal do and
where: we haw accum u lked an enorm ous array of
obsenations and “fact”;w e h ave incorporatd tis
inform aton into conep® and hypoteses about
how and why te naturallw or Bl beh aves as we ob-
sene itt: and we haw used tese conept and hy-
poteses o make educakd guesses aboutte resulk
of managem entactions. H ow e\er, for te profssion
© full mature, sud inform atton m ustgi\e rise ©
know Bdge. Our descriptions of wh at h appens,
when, and where, must Bad us © beter exp kna-
tons forwhy tings happen.We mustdee bp a bet
€r predicive capabi Hy aboutte efRcts ofpertur-
batons, naturalor hum an-caused, on biobgicallsys-
€ms (Romesburg=1981, Nudds and Morrison 1991)
by ®sting exp hnatory h ypot eses as rigorous ¥ as
possib I (Macnab 1983, Sinchir 1991, Niaoll 1991).
Sud estng wilexentual® Nad © im proned know I
edge aboutte structure and function of ecosysems,
and m anagem entdedsions ten may be guided by
sud know Bdge.Moreower from HNgalland etical
point of Mew , sdentisk mustconductte \ery best
sdentfic analses possib B (Murphy and Noon 1991,
Nid o01991), regard Iss of teir perspectine ofth e
roll ofsdenc or how itis conduckd (Murphy 1990,
Drew 1994, Maddox 1994, Mosquin 1994) or
whetier sdentss shoull be advocaks (Decker etal
1991, Brussard etal 1994, Noss 1994):

A paradigm shift

Will lE management de\e bped imp lath, if not
expictd, in te conextofan “agricu bluralpara-
digm”-one tatempbyed simpHed conept of
ecosyseEms in an atem pt © inaease yiells (e g,
Lavigne 1991a.b; Nudds and Chrk 1993:B0).We
wantd t© produc abundant numbers of crtin
spedes for hanest, justas range m anagers w antd ©
grow m ore forage for Restock , foresers w antd ©
produce m ore fiber from trees, and fish eries m anagers
wantd expbitmaximum yie Bs offish (Holt and

Tabot 19 B). Our scope was rookd in bcallissues
o\er sh orttim e h orizons. Th atproduction-consump-
ton mode Busefu W sened our profssion for a bng
time.

Expansion of e agricu luralparadign © an eco
bgicallparadign m usthe am ajpr priority for wi ll ke
researdi and managementin te future (DeGraaf and
Heal 1993:24). Thisw i Malbw our proEssion © go
beyond singl spedes management and embrac
consenvation of alspedes and m ainknanc ofecosys-
tm functions (Scefer 1976, H okand TaBbot 1978).

Jdistas agricu lure and forestry (&ckson and Fiper
1989, Espy 1993:7-8,Soc. Am . For.1393) are reaking
tie need  shifttow ard an “ecobgicallparadigm” t at
focuses on key sysem inerre htionsh ips of functon-
ing ecosysems upon whidh sustinabll resoure ex-
traction depends;so bomustw i Bl M€ researd and
m anagem ent. This does not indeed, it@nnotmean
tathumanswiBlstop exp biting ecosysem s._Itmeans.
simpl, tatwe musthbroaden our \ew t© inclide m ore
ofte “ecobgicalsenices” tatecosysems provde .

Increased use of
hypoth e ico-deductine science

Tomeette dialnges ofte future, will B€ re-
seard mustcontnue o make more and betker use of
te sdentific metod (Murphy 1990, Drew 1994,
Ratti and Garton 1994)_Much historicallw i B B re-
seardh has re led heavi ¥ on induction (e g, use ofre-
peatd obsenations 1 recognize paterns and de-
¢ bp Bw s ofassociation) and retroduction (a poste-
riori dexe bpmentofhypotieses © exp hin obsered
paterns), buttese approadies haw not Id © a sat
isfactory accum u ktion of re lab 1 know Bdge (Romes-
burg 1981).H ow e\er, substantallgains in relab i
know Bdge shoul accon pany an increased use of hy-
poteticodeductve saenc in will e researdh and
m anagem ent (Romesburg 1981, 1991).Skps in tis
approad inchide te colldtion and assim i kton of
obsenatons, deve bpmentand spedfication of a hy-
potesis aboutte obsenatons, deducton of €stab i
predictions, deve bpmentand enactn entofa suitb I
®st and use ofresu ling observatons © estdeduced
predictions (Ratii and Garton 1994).

To €sthypot eses atem poraland spatallscalls
tatare re Ivanto wi ll e m anagem entprob Bm s
and adequat for gaining re Bab know NHdge, will k€
researdiers and m anagers m ust co Bborat © ke
beter advantage of p knned m anagem entactons and
m anipu kttons (Macab 1983, Nudds and Morrison
1991, Landa etal 1993). This approadi can be used,
for exam p l, © €sthypot eses aboutt e presumed



effects of policies regarding harvest rates. predator
removal. or habitat alteration. which are of interest to
managers and to practitioners of “basic” and “ap-
plied” research. These “management experiments’
lie at the crossroads of “policy science” (Clark 1992)
and the science of resources management; related re-
source management fields are also moving to em-
brace the concept (Loucks 1992, Walters et al. 1992).

Field and analytical techniques appropriate to
large-scale experiments are being developed (Walters
1986. 1993; Carpenter 1990; Walters and Holling
1990: Eberhardt and Thomas 1991; Underwood
1993, 199-i). Experimental management programs
are planned or underway in several geographic loca
tions on a variety of topics of particular interest to
wildlife researchers and managers (Lancia et al.
1993). Such “management as experimentation”
(Macnab 1983:398) must be a high priority for the
wildlife profession in the decades to come.

Adapti\e resource management—
a “new” union

“ Adaptive Resource Management” (ARM) is an ap-
proach to management that acknowledges uncer-
tainty and the need to learn (Walters 1986, 1993).
The term “adaptiwe” refers to managers learning
about systems as they attempt to manage them. Us
ing system responses to update and evauate system
models reduces the uncertainty associated with fu-
ture management decisions. In adaptive resource
management, learning is not simply a byproduct, but
is formally acknowledged as an integral objective of
the management process. Thus, management ad-
dresses the dual objectives of learning and system
performance. The trick is to establish a reasonable
balance between the two that will lead to optimal
long-term performance. Under this management ap-
proach, learning and reducing uncertainty are valued
to the extent to which they contribute to improve-
ment in long-term system performance.

The goa of the researcher is to obtain increased
knowledge about how a particular system works (e.g.,
about population dynamics and why a population be-
haves as it does), whereas the goal of a manager in-
volves some desired system response (e.g., sustained
ecosystem integrity or a change in population size).
Initialy, it would appear that the different goals of re-
searchers and managers might be a source of conflict
that could preclude effective collaboration. How-
ever, in the presence of some uncertainty (e.g., about
population dynamics and responses to management),
these goals converge because progress toward de-
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sired outcomes increases when uncertainty is re-
duced through learning. Importantly, too, adaptive
management can help to evaluate whether what is
perceived as a “desired” outcome of management is
till, in the light of new knowledge. desirable or even
attainable. Thus, adaptive management can lead to an
inspection of values and implicit assumptions that fre-
quently underlie management policies.

From the perspective of a researcher. adaptive re-
source management offers the practical advantage of
working with managers so that a factor of interest
can be manipulated at sufficient scales, with ade-
quate replication and statistical power, to yield reli-
able inferences. For example. hunting regulations
can be structured so that hypotheses about den-
sity-dependent natality or mortality can be tested
(Gratson et al. 1993); the resultant, improved knowl-
edge then can be used to improve hunting regula-
tions. The expense of these large-scale experiments
cannot be borne exclusively by research budgets—
the historical absence of these experiments is testi-
mony to this fact.

Although management of natural resources often is
characterized by uncertainty and conflicting informa-
tion, administrators are asked frequently to choose the
“best” approach. Researchers typically argue that man-
agement should not be undertaken until more is
known, yet they seldom seem to agree about what is
enough. Managers, on the other hand, typicaly re-
spond based on their intuition and experience, and
pressed to solve a problem before it worsens, contend
that enough is known to proceed with management.
To make matters worse, when the need for quick action
is perceived, solutions may be implemented in ways
that make it difficult to evaluate whether management is
successful, and if not, why not. Adaptive management
offers a potentia solution to these dilemmas by encour-
aging research and management to be conducted simul-
taneously as one coordinated endeavor which should
reduce uncertainty and improve management.

It might be argued, of course, that in some cases
current wildlife management is “adaptive.” The iter-
ative setting of harvest quotas (e.g., for waterfowl
species) is a kind of trial-and-error approach that may
allow for recognition of errors (harvests too high or
too low) and some post-hoc remedial action. How-
ever, this permits only a limited opportunity for
learning about how, or even whether it is possible, to
reduce uncertainty associated with setting harvest
guotas, unless the rationale for harvest quotas is
based on a working functional hypothesis, or a set of
models, about how and why the system (waterfowl
population dynamics) works (Johnson et al. 1993,
Walters 1993). Without the concomitant use of pre-
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dictions aboutsysem behavior and adequat inest
ment® in monitring, itis difficu k®© understand h ow
and why tie sysem functions te way itdoes.When
com peting exp bhnations for how te syse€m operaks
are treatd as hypoteses, and enalbiation is an ine-
grallpart of ongoing m anagem ent programs, ten
Barning aboutte systm is acce Brakd. Itshoull be
clar oo, howe\er. tatadaptinve managementis nei-
tier tialland error nor “m udd bhg t rough,” nor is it
consisentw it te idea tat for will B researdiers
and m anagers, itcan be “business as usualk’ Indeed,
1 be cedib l, te will B researdh and m anagement
community W i Eineed © be \igi kntfor cases where
m anagem entactons are undertken, and jstfied as
adaptive management when tey are not

Adm inisttators benefit from adaptive m anagement
because it Bads 10 dedsions t atare optm allwit re-
spect © management ob pcives. Adm inisttators can
allo benefitby funding sound m anagem entexperi-
ment (ie, adequakt conttoll and rep Bcations of
p knned management intnentons) because tey
can gauge te efEctiveness ofvarious m anagement
senarios ‘and can im prove understanding ofwhy a
particu br action suoxeds or fail. Adapti\e pro-
grams inclide periodic ad justment © make fu Buse
of new informaton. In uncrtin envronment,
m anagem entdedsions carry som e risk, especaly if
one m anagem entoption prechides future optons.
Adaptive managementpermit administrators and
managers t hedge teir bet because tey are not
conmited  a singl mode BI(and corresponding
m anagem entstrakgy) but can consider sexeralsi-
mu Baneous ¥ . Costh prob Ems. unforeseen when
m anagem entis initakd, may be discowered and rec
tified car¥ in te proess.Thus, ifresearaers and
m anagers colborat, te additonallshorterm cost
of estab khing an adaptive m anagem entprogram be-
come an intgrallpartoft e costofsound m anage-
mentand shoull be recouped over te bng run.

Efkctive im p Im entation of adaptve m anagement
programs and re hed managementexperiment wilre-
quire some will B researciers © change traditonal
Mews of teir rols. Researdiers may haw © aczpt
some com promise and constraint in designs for
hrge-scall experiment® (Nidiol 1991, Pmm 1993).
Idea W, a priori power anabses, random izaton of m an-
agementtreatn ent, and rep Bcaton shoull d aracer-
ize p hnned management manipu ktons (Scimiege bw
and H armon 1993).More reaktcal¥, how e\er, rep k
cations and random ization w i Mbe constrained 1o some
degree . Fequentd adaptive managementw i Mbe
based on ongoing m anagem entprogram s.Regard Bss,
whatwiMlbe more importantt an te partcu br kind of
investigation performed willbe te atemptto Barn, by

®stng com peting hypoteses, how and why will ke
systms behawe as tey do (Sinchir 1991).
Researaiers, © be credib I, wiBMallo need 10 exam -
ine carefu l¥ teir rolls as advocaks on various sides of
will B issues in te polticalarena (Brussard etal
1994). Scientis® can ne\er be sure tatteir analses
are notaom prom ised by tieir personallexperiences
and valies (Deckeretal1991).Will BR sdentst will
continue © be inknse ¥ sautnized by an increasing ¥
educatd pub lc (Murphy and Noon 1991).so our sd-
ence musthe obpctinve and abowe reproach .especaly
when te best relabl know Bdge conflick wit our
ow n valies. Adopting a rigorous, hypothetico-deduc-
e approadh wherexer possib I shoull minimize te
infllence of personalvalies and hiases on te resuls
of will B researdi (Romesburg 1981, Murphy 1990).
Fnal¥, managers as we Mas researdiers willhaw ©
ad just tieir approad , especda ¥ in areas of p hnning
and im p Im enting m anagem entprogram s, because
adaptive managementis a proess of hypotesizing
how ecosystms work, monitoring resu ks, com paring
tem 1 expecttons, and m odifying m anagem ent 0
beter adiiene ob pctines t rough im proned under-
standing of ecobgicalproasses (Hanley 1994). Man-
agers shoull bok for opportunities for rep Bcation and
random izaton. They willhave © aceptsome in\est
mentoftme 0 albw imp Imentaton ofadapti\e
m anagem ent Likewise, adm inistators m ust provde
Badership tatw i Mencourage roll ad pstment for
bot managers and research ers. These shifs are es-
sentia lfor sdenc and pollcy om ature (f anlly 1994).

Research priorities

We do notidentfy specficreseardh topics for tie
future because tiere are simpl ©o many im portant
guestions o ask , and priorities w i lld ange contnu-
ous ¥ trough tme and across diférent regions.
Rater, we suggesta fundam entallshiftin te way all
will e biobgist, inchiding researchers, managers.
adm inistrators, and academ idans, percive and con-
ductreseardr and m anagem ent Concom itantw it
tis shiftis te need © conentrak more researd ef
fort on reneabhg and chrifying basic, fundam entalbio-
bgicalland ecobgicallprindp Is;witouttem, man-
agem entofnaturallresources w i Mcontin an unac
cptab ¥ krge amount of uncrtinty. Thus, te
bridge between app Bed and basic sdenc needs 1 be
widened for more ine Mctualtrafficin bot directions
(Romeshurg 1991).H owever,we allomustretain a
firm com m itm entt® traditona kstrengt s ofapp Red
managementwhid requires understanding species-
popu ktion m anagement as we Mas te med anisms



affcing t ose popu ktions and expanding te knowl-
edgebase t supportresourc-ut kation programs.

As an initiad sS€p across te basicappled sdenc
bridge -w e suggestforging partnerships wit oter
professional societies with e colbgicall and conserva-
tonintrest.Forexam p I, t e EcobgicalSociety of
America's Sustainable Biosphere Initiative
(Lubchenco et a. 1991) identifies 12 research priori-
tfes.Oftese, te folbwing are of partcu br concrn
O will BB researdiers: deermine te impact of
diranges in Bnd- and w aer-use on gbballand re-
giona Iprocsses: ace Brak researd on te biobgy
of rare and declning spedes; detrmine paterns and
indicators oftie responses ofecobgicallsysems ©
stress; proMde guide Ines and ®d niques for te
restoration OF ecobgicallsysems; dexe bp and app ¥
ecobgicalt eory © te managementofecobgical
systms;de\e bp ecobgicallunderstanding ofintro-
duced spedes;app ¥ ecobgicalt eory © te man-
agem ent of infectious diseases; and de\e bp interdis-
dp bhary and mu Kdisdp bhary approadies tatine-
grat ecobgy, economics, and oter socialsdences.

In summary, we encourage te will e progssion
1o shift from an agricu Blura o an ecobgicallparadigm
as a phibsophicall foundation for conducting re-
seard and managementofwiB e . The Will lE So
dety is unique ¥ positoned o Bad tis transiton,
and w e strong ¥ eneourage ittbdoso.-FRurt erm ore,
w e encourage our prokssion o prom ok use ofte
hypot etico-deducinve metod © formu ke and €st
exp knatory hypotieses as a means of aqquiring re kb
abll know Bdge aboutefBcts of perturbations on
will Bt ; © emp by adapti\e resoure management,
wherener appropriat, as a means ofm aking optim al
m anagem entdedsions and redudng uncrtinty; and
1 colborak wit oter prokssionallsocieties © ad-
dress fundam entalquestions aboutecobgicallaspect
ofgbballd ange, ecobgy, and consenation ofbio-
bgicaldinersity, and © de\e bp strakgies for sustain-
ing ecobgicallsysems tatsupportw il B .

Litrature cited

BaiLey, J A. 1982. Implications of “muddling through” for wildlife
management. Wildl. Soc. Bull. 10:363-369.

Bovce, M. S. 1993. Population viability analysis: adaptive manage-
ment for threatened and endangered species. Trans. North
Am Wildl. Nat. Resour. Conf. 58:520-527.

Brussarp, P. F. 1991. The role of ecology in biological conserva-
tion. Ecol. Appl. 1:6-12.

Brussarp, P. F., anp P. R. Euruch. 1992. The challenge of conser-
vation biology. Ecol. Appl. 2:1-2.

Brussarp, P. F., D. D. Mureay, AND C. R. TrRACY. 1994. Cattle and
conservation biology: another view. Conserv.Biol. 8:919-921.

Capen, D. E. 1989. Political unrest, progressive research and pro-

441

ARM! For the future . Lancia et al.

fessional education. Personal reflections. Wildl. Soc. Bull.
17:335-337.

CARPENTER, $. R. 1990. Large-scale perturbations: opportunities for
innovation. Ecology 71:2038-2043.

Crark, T. W. 1992. Practicing natural resource management with
a policy orientation. Environ. Manage.16:423-433.

CommitTEE ON FOREsTRY ResearcH. 1990. Forestry research: a man-
date for change. National Research Council. Nat. Acad. Press.
Washington, D.C. 84pp.

Conroy, M. J. 1993. The use of models in natura resource man-
agement: prediction not prescription. Trans. North Am. Wildl.
and Nat. Resour. Conf. 58:509-519

Decker. D. L., R. E. SHANKS. L. A. Nietsen, anp G. R. Parsons. 1991,
Ethical and scientific judgments in management: beware of
blurred distinctions. Wiidl. Soc. Bull. 19:523-527.

DeGraar, R. M., ano W. H. Heary  1993. The myth of nature's con-
stancy: preservation. protection, and ecosystem management,
Trans. North Am Wildl. Nat. Resour. Conf. 58:17-28.

Drew, G. S. 1994. The scientific method revisited. Conserv. Biol.
8:596-597.

EserearDT, L. L., AND J. M. Tuomas. 1991. DeSigning environmen-
tal field studies. Ecol. Monogr. 61:53-74.

Espy, M. 1993. Restoring conservation leadership at the U.S. De-
partment of Agriculture. Trans. North Am. Wildl. Nat. Resour.
Conf. 58:5-9.

Gratson, M. W., J. W. UnsworTH, P. Zacer, anp L. Kock. 1993 Ini-
tial experiences with adaptive resource management for deter-
mining appropriate antlerless elk harvest rates in Idaho. Trans.
North Am. Wiidl. Nat. Resour. Conf. 58:610-619.

GRIFFITH, B., J. M. Scorrt, J. W. CARPENTER, AND C. ReeDp. 1989.
Translocation as a species conservation tool: status and strat-
egy. Science 245:477-486.

Hantey, T. A. 1994. Interaction of wildlife research and forest
management The need for maturation of science and policy.
For. Chron. 70(5):527-532.

Hoir, S. J., AND L. M. Tawsot. 1978. New principles for the con-
servation of wild living resources. Wildl. Monogr. 59: 1-33.
Jackson, W., anp J. Piper. 1989. The necessary marriage between

ecology and agriculture. Ecology 70: 159 1 - 1593.

JoHNsoN, F. A., B. K. WiLLiawms, J. D. NicHots, J. E. Hings, W. L. KENDALL,
G. W. SmiTH, anp D. F. Carrawer. 1993. Developing an adaptive
management strategy for harvesting waterfowl in North Amer-
ica. Trans. North Am. Wiidl. Nat. Resour. Conf. 58:565-583.

Lancia, R.A., T. D. Nupps, AND M. L. MorrisoN. 1993. Adaptive re-
source management: policy as hypothesis, management by ex-
periment. Opening comments: slaying slippery shibboleths.
Trans. North Am. Wildl. Nat. Resour. Conf.58:505-508.

Lavigng, D. M. 1991a. Your money or your genotype. BBC
Wildlife 9:204-205.

Lavigne, D. M. 1991b. Planet as barnyard. BBC Wildlife
9:402-403.

LeopoLD, A. 1933. Game management Scribner’s, New York,
N.Y. 481pp.

Levin, S. A. 1992a. Orchestrating environmental research and as
sessment. Ecol. Appl.2:103-106.

Levin, S. A. 19926. Sustaining ecologica research. Bull. Ecol. Soc.
Am. 73:213-218.

LeviN, S. A. 1993. Science and sustainability. Ecol. Appl.
3:545-546.

Loucks, 0. 1992. Forest response research in NAPAP: potentially
successful linkage of policy and science. Ecol. Appl. 2:117- 123,

LUBCHENCO, J., A. M. OLson, L.B. BrRuBaker, S. R. CARPENTER, M. M. Hot-
LAND, S. P. HUBBELL, S. A. Leven, J. A. MacManon, D. A. MaTson, J.
H. MeLnro, H. A. Mooney, C. A. Peterson, H. R. PuLuam, L. A. ReAL,



442  wildiife Society Bulletin 1996, 24(3):436—442

D. J.Recar,a~p P. G. Risser. 1991. The sustainable biosphere ini-
tiative: an ecologica research agenda. Ecology 72:371-412.
Lipwic, D. 1994, Bad ecology leads to bad public policy. Trends

Ecol Evol.9:411.

Lt owic. D R. Hiusory, axp C Warrers. 1993. Uncertainty, re-
source exploitation and conservation: lessons from history.
Science 260: I'. 36

Mac~an, J 1983 Wildlife management as scientific experimenta-
tion. Wildl. Soc Bull. 11 397-401.

Mabnox, J.1994. Defending science against anti-science. Nature
368: 185.

Mares, M. A. 1992. Neotropicadl mammals and the myths of Ama-
zonian biodiversity Science 255:976-979.

McCase, R. A 1985. Along the way: a profession and its society in
retrospect. Wildl. Soc. Bull. 13:337-344.

MorraT, A. S. 1994, Theoretical ecology winning its spurs in the
real world. Science 263: 1090-1092.

Morowrrz, H. T. 1991. Baancing species preservation and eco-
nomic considerations. Science 253:752-754.

Mosquin, T. 199r. Science fiddles while the earth bums. Borealis
15:55.

Mureny, D. D. 1990. Conservation biology and the scientific
method. Conserv. Biol. 4:203-204.

Mugeny, D. D. axp B. R. Noon. 1991. Coping with uncertainty in
wildlife biology. J. Wildl. Manage. 55:773-782.

NicHoLs, J. D. 1991. Science, population ecology, and the manage-
ment of the American black duck. J. Wildl. Manage. 55:790-890.

Noss, R. F. 1994. Cows and conservation. Conserv. Biol.
8:613-616.

Nupps, T. D. 1979. Theory in wildlife conservation and manage-
ment. Trans. North Am Wildl. Nat. Resour. Conf.44:277-288.

Nuops, T. D, axo R. G. Crark. 1993. Landscape ecology, adaptive
resource management, and the North American Waterfowl
Management Plan. Pages180-190 in G. L. Holroyd, H. L. Dick-
son, M. Regimer, and H. C. Smith, eds. Proc. Third Prairie
Conf. and Endangered Species Workshop. Prov. Mus. Alberta
Nat. Hist. Occas. Pap. No. 19. 384pp.

Neops, T. D., ano M. L. MorrisoN. 1991. Ten years after “reliable
knowledge” : are we gaining? J. Wildl. Manage. 55:757-760.
Py, S. L. 1993. On the importance of watching birds from air-

planes. Trends Ecol. Evol.9:41-43.

Pimm, S. L., anp J. L. Grrrieman. 1992, Biological diversity: where is
it? Science 255:940.

Puiiam, H. R. 1988. Sources, sinks and population regulation.
Am Nat. 132:652-661.

Ratr, J. T.. anp E. 0. Garton. 1994. Research and experimental
design. Pages 1-23 in T.A. Bookhart, ed. Research and man-
agement techniques for wildlife and habitats. Fifth ed. The
Wildl. Soc.. Bethesda, Md.

RosessurG, H. C. 1981. Wildlife science: gaining reliable knowl-
edge. J. Wildl. Manage. 45:293-313.

Romessurs, H. C. 1991. On improving the natural resources and
environmental sciences. J. Wildl. Manage. 55:744-756.

Scuereer, V. 19'6. The future of wildlife management. Wildl. Soc.
Bull. 4:51-54.

ScumieceLow, F. K. A., anp S. J. Hannon. 1993. Adaptive manage-

ment, adaptive science. and the effects of forest fragmentation
on boreal birds in northern Alberta Trans. North Am Wildl.
Nat. Resour. Conf. 58:584-598.

Sincrair, A, R. E. 1991, Science and the practice of wildlife man-
agement. J. Wildl. Manage.ii 676-774.

Sociery ofF AMericaN Foresters.  1993. Sustaining long-term forest
health and productivity. J. For. 91(7)32-35.

Swank. W. T., axp D. H. VanLear. 1992. Ecosystem perspectives
of multiple-use management. Ecol. Appl.2:219-220.

TrauGer, D. L. ano R J.Har. 1992, The challenge of biologica di-
versity: professional responsibilities, capabilities and realities.
Trans. North Am. Wildl. Nat. Resour. Conf. 57:20-36.

Uxperwoon, A. J. 1993. The mechanics of spatially replicated sam-
pling programmes to detect environmental impacts in a vari-
able world. Aust. J. Ecol. 18:99-116.

Unperwoop, A. J.. 1994. On beyond BACI: sampling designs that
might reliably detect environmental disturbances. Ecol. Appl.
4:3-15.

Va~ Horne, B. 1983. Density as a misleading indicator of habitat
quality. J. Wildl. Manage.47:893-901.

WaLTERS, C. J. 1986. Adaptive management of renewable re-
sources. MacMillan Press, New York, N.Y. 374pp.

WALTERS, C. J. 1993. Dynamic models and large scale field experi-
ments in environmental impact assessment and management.
Aust. J. Ecol. 18:53-62.

WALTERS, C. J, L. GunpersoN, anp C. S, Horune. 1992, Experimen-
tal policies for water management in the Everglades. Ecol.
Appl. 2:189-202.

WALTERS, C. J.,AND C. S. Horun~e. 1990. Large-scale management
experiments and learning by doing. Ecology 71:53-74.
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wildlife research. Members representing state agencies (Clait E.
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Iopy,lohnG. Kie, Clifford J. Martinka, lames D. Nichols, and
Nancy G.Tilghman), and academia (Raymond D. Dueser,
Thomas D. Nudds, and Richard A. Lancia) comprised the com-
mittee. President Wentz charged them with documenting “... the
contribution of wildlife research toward resource stewardship,
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to meet future wildlife resource conservation challenges” with the
intent that TWS Council would consider the report for a technical
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sue a more philosophical approach intended to help shape the fu-
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is the senior author.



